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Objective
Reportedly, nitric oxide (NO) derived from alveolar macro-
phages (AMs) and increased serum phospholipase A2 (PLA2)
activity are associated with the pathogenesis of lung injury in
acute pancreatitis. The authors examined the possibility that
PLA2 causes, in part, the induction of NO production by AMs
in pancreatitis.

Methods
Pancreatitis was induced in rats by selective pancreatic duct
ligation (SPL). AMs were stimulated with PLA2 or SPL rat se-
rum, with or without administration of the PLA2 inhibitor quin-
acrine. Then NO production from the AMs was measured by
the Griess method, inducible NO synthase mRNA expression
of AMs was analyzed by the reverse transcription-polymerase
chain reaction, and cytotoxic effects of AMs on human umbili-
cal vein endothelial cells was examined by a 51Cr release as-
say. In vivo, the effect of quinacrine on lung injury was deter-
mined by measuring the arterial blood oxygen pressure

(Pao2), lung weight, and lung permeability using Evans blue
dye concentration of SPL rat.

Results
In vitro, the serum with high PLA2 activity induced NO pro-
duction by rat AMs. PLA2 (50 ng/ml) induced significant
amounts of NO production, inducible NO synthase mRNA
expression, and cytotoxicity toward the human umbilical vein
endothelial cells in normal rat AMs, and these activities were
significantly inhibited by quinacrine. In vivo, rats with pancre-
atitis that were given quinacrine showed decreased concen-
trations of NO2- and NO3- in the bronchoalveolar lavage fluid,
and the Pao2, lung edema, and lung permeability were im-
proved significantly.

Conclusion
PLA2 induces AMs to release NO, which contrbutes to lung
injury in acute pancreatitis. This lung injury was prevented by
the administration of the PLA2 inhibitor quinacrine.

In the early stage, acute pancreatitis is known to be
associated often with acute lung injury. Twenty percent of
deaths from acute pancreatitis occur within the first 24 hours
after hospital admission, and 95% of those who die have
associated acute lung injury.' However, the events that link
acute pancreatitis to acute lung injury are not fully under-
stood.

Reportedly, increased levels of pancreatic phospholipase
A2 (secretory PLA2 type I [sPLA2-I]) are detected in the
systemic circulation and bronchoalveolar lavage fluid from
patients with lung injury in acute pancreatitis.2'3 Recently, it

was revealed that another type of PLA2 (secretory PLA2
type II [sPLA2-II]) activity was elevated in serum from
patients with various inflammatory states such as acute
pancreatitis,4 adult respiratory distress syndrome, septic
shock,5 experimental endotoxemia,6 and multiple organ
failure.7 In these clinical conditions, a high level of PLA2
causes lung injury by damaging pulmonary surfactant and
promoting platelet-activating factor or eicosanoid produc-
tion that mediates direct or neutrophil-mediated tissue inju-
ry.8'9 Further, serum PLA2 activity correlated with serum
sPLA2-II level rather than with sPLA2-I level, and lung and
renal injury in acute pancreatitis was associated with serum

sPLA2-JI elevation but not with sPLA2-I elevation. 10-12
Several investigators have reported that PLA2 regulates

the cytokine production of monocytes or macrophages and
the phagocytosis and superoxide (02-) generation of neu-
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trophils.'13-5 Further, a PLA2 inhibitor simultaneously re-
duced nitric oxide (NO) and 0j generation and cytotoxicity
of rat cerebellar granule cells.16 However, PLA2-mediated
NO induction of alveolar macrophages (AMs) in lung injury
associated with acute pancreatitis has not been elucidated
sufficiently.

In a previous study, we showed that AMs generate NO
and O- simultaneously and injure endothelial cells in lung
injury of rats with acute pancreatitis.17 In this study, we
investigate whether PLA2 induces NO production of AMs
and mediates acute lung injury in pancreatitis.

MATERIALS AND METHODS

Chemicals
The following chemicals were purchased and used for the

experiments: 1-2-dipalmitoyl-sn-glycerol-3-phosphorylcho-
line (DPPC), glycine, heptane, isopropanol, and octylphenyl
ether (Triton X-100) were from Wako Pure Chemical In-
dustries (Osaka, Japan). Toluene and Scintisol ALX-2 were
from Dojindo Chemical Co. (Kumamoto, Japan). PLA2
(type II) was from Takara (Shiga, Japan). Quinacrine and
Evans blue were from Sigma Chemical Co. (St. Louis, MO).
RPMI 1640 medium and trypsin were from Sanko Chemi-
cals (Tokyo, Japan), and fetal calf serum (FCS) was from
Filtron, Australia.

Animal Model
Male Wistar King rats (Institute for Experimental Ani-

mals, Kyushu University Faculty of Medicine) weighing
250 to 300 g were fed standard laboratory chow and water
ad libitum.

Acute pancreatitis was induced by selective pancreatic
duct ligation (SPL), as previously described.17 This rat
model is particularly important because it closely resembles
human acute pancreatitis induced by the mechanical ob-
struction of the main pancreatic duct during or after gall-
stone passage.'8 The rats were anesthetized with ether to
undergo a midline laparotomy, and the duodenal portion of
the pancreas was exposed. The pancreatic ducts, which flow
into the common bile duct, were ligated with 7-0 nylon
along the entire length of the common bile duct bilaterally.
In our rat pancreatitis model, pancreatic damage is thought
to be principally the result of edematous pancreatitis. We
reached this conclusion for several reasons. Interstitial
edema resulting in the separation of pancreatic lobules and
acinar cells was observed 6 hours after pancreatic duct
ligation. Enlarged edematous tissue and minimal parenchy-
mal necrosis were seen, and numerous granulocytes were
present in the interlobular connective tissue and around the
necrotic foci 24 hours after duct ligation.
To study the effect of PLA2 inhibition, quinacrine (5

mg/kg dissolved in 0.5 ml saline) was delivered intrave-
nously for 45 minutes after SPL. Pancreatitis rats without

quinacrine treatment were given the same volume of saline
with the same timing. Sham control rats underwent studies
after the same midline abdominal incision but not the SPL.
In separate preliminary experiments, quinacrine administra-
tion did not influence the general condition and respiratory
function of rats. All procedures involving rats were per-
formed according to the guidelines described in the National
Institutes of Health's Guide for the Care and Use of Lab-
oratory Animals.

Alveolar Macrophage Isolation
Rats were anesthetized with intraperitoneal injections of

sodium pentobarbital (50 mg/kg; Abbott Laboratories,
North Chicago, IL). The rats were exsanguinated by trans-
secting their abdominal aortas, and bronchoalveolar lavage
(BAL) was performed on rats killed 24 hours after the SPL
(with or without quinacrine administration) and sham oper-
ation. Rats underwent five serial whole-lung lavages, with
10 ml of sterile normal saline per lavage, given through a
tracheal cannula. An average of 42 ml of instilled saline was
recovered from each rat.
The BAL fluid (BALF) was centrifuged at 280 g for 10

minutes at 4°C. The cell pellets were resuspended (1 X 106
cells/ml) in RPMI 1640 medium containing 10% heat-
inactivated FCS. The cell suspension was then placed in
plastic Petri dishes (Nunc, Roskilde, Denmark) and incu-
bated at 37°C for 1 hour in a CO2 incubator (5% CO2 +
95% air; NAC Systems, Tualatin, OR). Nonadherent cells
were removed from adherent macrophages by washing them
with RPMI 1640 medium. Purified AMs were recovered by
gently rubbing the dishes with a rubber policeman.
The recovery rate of AMs, determined by Giemsa stain-

ing, was >98%, and no platelet contamination was de-
tected. Cell viability, assessed by trypan blue dye exclusion,
consistently exceeded 96%. Lactic dehydrogenase concen-
tration in the BALF was also measured as a marker of lung
tissue injury using an autoanalyzer (Hitachi 7070, Tokyo,
Japan). To determine NO level in the lung space, the con-
centration of NO2- and NO3- in the BALF was measured as
described below.

PLA2 Activity
Serum PLA2 activity was measured by the Dole extrac-

tion system with a slight modification.'9 Blood sampling
from the femoral artery was performed at various times (6,
12, 18, 24, and 48 hours after SPL), the blood samples were
centrifuged at 10OOg for 15 minutes, and the serum samples
were isolated. The assay tubes were mixed with rat serum
(100 ,l) and substrate for a total volume of 500 gl with 80
mM glycine (pH 9.0), 5 mM CaCl2, and 50% glycerol on
ice. The substrate contained 100 ,uM DPPC, about 10,000
cpm of 1-palmitoyl PC (Japan Isotope Association, Tokyo,
Japan), and 200 ,M Triton-X 100. The assay tubes were
incubated in a shaking water bath at 60°C for 40 minutes.
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The enzyme reaction was stopped by adding 2.6 ml of
Dole's reagent (isopropanol:heptane:0.5 M H2SO4, 400:
100:20, vol/vol/vol) and vortexing immediately. The free
fatty acids in each heptane phase were extracted into a

scintillation fluid and counted by a liquid scintillation
counter (LSC-903, Aloka, Tokyo, Japan). The enzyme ac-

tivity is expressed as the amount of hydrolyzed DPPC per

minute.

NITRIC OXIDE PRODUCTION BY
ALVEOLAR MACROPHAGES
NO production by AMs was assessed by measuring the

accumulation of nitrite (NO2-) and nitrate (NO3-) in culture
medium using a spectrometric assay based on the Griess
reaction with sodium nitrite as the standard.17'20 AMs from
normal rats (5 X 105 cells/well in 0.5 ml of RPMI 1640 with
10% FCS) were cultured in a 24-well microplate (Nunc)
with serum from pancreatitis rats (high-PLA2 serum ob-
tained 6 hours after SPL; 100 ,Iu/ml) or with various con-

centrations of PLA2 (0, 20, 50, 100 ng/ml) for 24 hours at
37°C in an incubator (5% CO2 + 95% air). In other exper-

iments, the PLA2 inhibitor quinacrine (1 mM) or the NO
synthase (NOS) inhibitor L-NMMA (50 ,uM) was added to
the culture of AMs stimulated with PLA2 (50 ng/ml). A
50-,ul aliquot of culture supernatant was mixed with 50 ,ul
of the Griess reagent after conversion of NO3- to NO2- by
NO3- reductase in a 96-well microplate and incubated for
10 minutes at room temperature. The optical density was

measured using an automatic plate reader (Easy Reader,
SLT Lab Instruments, Grodig, Austria) at a wavelength of
570 nm, and the total NO2- + NO3- concentration was

determined from a standard curve prepared with known
concentrations of NaNO2.

Amplification of Inducible NOS (iNOS)
mRNA from AMs by Reverse
Transcription-Polymerase Chain
Reaction
We used reverse transcription-polymerase chain reaction

(RT-PCR) to examine the effect of the PLA2 inhibitor
quinacrine on iNOS mRNA expression in AMs. AMs were

isolated from normal rats as previously described and cul-
tured in plastic Petri dishes (2 X 106 cells in 2 ml of RPMI
1640/dish) with PLA2 (50 ng/ml) stimulation and with
various concentrations of quinacrine (0, 5, 10, 20, 50, 100
,uM). After incubation at 37°C for 1 hour in a CO2 incubator
(5% CO2 + 95% air), AMs were harvested and total RNA
was isolated from AMs as previously described2' and quan-
tified by spectrophotometry. RNA (1 ,ug) from each sample
was reverse transcribed to cDNA using reverse transcriptase
(Superscriptll, GIBCO BRL, Gaithersburg, MD) and am-

plified by PCR with Taq polymerase (Takara, Kyoto, Ja-
pan).17 The PCR primers for iNOS of rat were designed

iNOS22 (purchased from Funakoshi, Japan). The sense
primer was 5'-GCA-TGG-AAC-AGT-ATA-AGG-CAA-
ACA-3', and the antisense primer was '5-GTT-TCT-GGT-
CGA-TGT-CAT-GAG-CAA-3'. The predicted length of
PCR products amplified with these primers was 222 bp.
PCR was carried out for 30 cycles at an annealing temper-
ature of 60°C with 3-actin used as internal control. PCR
products were electrophoresed on a 1% agarose gel and
visualized with ethidium bromide staining and ultraviolet
transillumination.23

Preparation of Human Umbilical Vein
Endothelial Cells (HUVECs) and
Cytotoxicity Assay

Alveolar macrophage cytotoxicity was examined using
51Cr release assay with HUVECs, as previously described.'7
Briefly, HUVECs were isolated from fresh, healthy umbil-
ical cord by trypsin digestion and were grown to confluence
during a second passage on 24-well, flat-bottom microplates
at 370C in a CO2 incubator (5% CO2 + 95% air).24
HUVECs were labeled with sodium chromate (51Cr; 75
kBq/well) during the last hour of this culture.

After three washings of the monolayers with RPMI 1640,
AMs (5 X 105 cells) in RPMI 1640 supplemented with 10%
FCS were added to the monolayers at a final volume of 0.5
ml/well and cocultured at 37°C in a CO2 incubator (5% CO2
+ 95% air) for 18 hours. In some experiments, L-NMMA
(50 tM) or PLA2 (50 ng/ml, with or without addition of
quinacrine, 1 mM) was added to the culture of AMs. Cy-
totoxicity of HUVECs by AMs was determined by quanti-
fying 51Cr release from the endothelial cells. Supernatant
(0.5 ml) was removed from each well, and 51Cr release was
counted in a gamma counter (1282 Compugamma, LKB-
Wallac, Turku, Finland). The percentage cytotoxicity was
calculated using the following formula25:
% cytotoxicity = ([experimental release - spontaneous

release])/([maximal release - spontaneous release]) X 100

Quantification of Lung Injury
Lung injury induced by SPL was quantitated by measur-

ing the concentration of Evans blue dye in the lung after
intravenous administration and lung weight 24 hours after
the SPL operation, the time when lung function was worst
in this model, as shown in our previous study. 7 Evans blue
dye, which binds to albumin, has been used as a sensitive
protein extravasation marker of inflammatory tissue injury
models.26'27 Evans blue dye (20 mg/kg) was injected intra-
venously before SPL or the sham operation. Twenty-four
hours after surgery, the lungs and heart were excised, and
the pulmonary vasculature was cleared of blood by gently
infusing normal saline into the right ventricle. After weigh-
ing, the lungs were placed in 5 ml formamide, homogenized
for 40 seconds, and incubated at 370C for 16 hours. The dye
concentration of the tissue suspension was measured by
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Figure 1. Changes in PLA2 activity in rats with pancreatitis induced by
SPL. Values represent mean ± SD. Significant differences from the
untreated control rats are denoted as * p < 0.001.

spectrophotometry using an automatic plate reader (Easy
Reader) at a wavelength of 620 nm. The Evans blue dye
extraction from the lung was expressed as dye (ng)/wet lung
weight (mg). In a separate group of animals not injected
with Evans blue dye, the lungs were excised and measured
at whole lung weight (wet lung weight). Then, the lungs
were dried in an incubator at 120°C for 2 hours and mea-

sured at dry lung weight. Lung edema was expressed as wet
lung weight (mg)/ dry lung weight (mg). As another index
of lung dysfunction, the arterial blood oxygen pressure
(Pao2) was measured 24 hours after SPL with an autoana-
lyzer (ABL2 Acidbase Laboratory, Radiometer, Copenha-
gen, Denmark).

Statistical Analysis
All data are expressed as mean ± SD. Comparisons

among multiple experimental groups and between each time
point were analyzed using ANOVA. P < 0.05 was consid-
ered to be statistically significant.

RESULTS
Serum PLA2 Activity in Rats After SPL
Serum PLA2 activity rose rapidly, peaking 6 hours (p <

0.001) after SPL, and then decreased to normal level by 24
hours after SPL (Fig. 1). In this pancreatitis model, iNOS
mRNA also was induced in AMs at 6 hours after SPL with
histologic evidence of lung injury and depletion of Pao2,
which were caused by the large amount of NO production
from activated AMs, as shown in our previous study.'7

NO Production of AMs Stimulated with
PLA2
To study whether PLA2 induces NO production of AMs,

we measured NO2- + NO3- concentration in culture media
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Figure 2. NO generation from AMs stimulated by the serum from rats
with pancreatitis or PLA2 with or without the addition of NO inhibitor
L-NMMA and/or PLA2 inhibitor quinacrine. AMs were stimulated by
control medium, control serum, high-PLA2 serum, and PLA2. * p < 0.01
vs. control medium and control serum; ** p < 0.01 vs. high-PLA2 serum
without quinacrine and L-NMMA; # p < 0.01 vs. PLA2 without quina-
crine and L-NMMA.

of AMs stimulated with high-PLA2 serum from rats (6
hours after SPL) and PLA2 (50 ng/ml), with or without
addition of the PLA2 inhibitor quinacrine. As shown in
Figure 2, both PLA2 and high-PLA2 serum induced normal
rat AMs to produce large amounts of NO2- + NO3- (p <
0.01), and these elevations were inhibited significantly by
quinacrine (p < 0.01). In addition, normal AMs stimulated
by PLA2 or high-PLA2 serum produced large quantities of
NO2- + NO3- (p < 0.01), and these levels were inhibited
by NOS inhibitor L-NMMA (50 ,uM; p < 0.01; see Fig. 2).
These results indicate that NO2- + NO3- concentration in
AM culture media reflects NO production from AMs.

Figure 3 shows NO2- + NO3- production by AMs stim-
ulated with various concentrations of PLA2. NO2- + NO3-
production by AMs increased dose-dependently with the
addition of PLA2 (p < 0.01 vs. 0 ng/ml).
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Figure 3. NO generation from AMs stimulated by various concentra-
tions of PLA2. AMs stimulated by PLA2 produced threefold more NO2-
+ NO3- than did AMs not stimulated (* p < 0.01 vs. 0 ng/ml).
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Figure 4. Effect of PLA2 inhibitor quinacnne on iNOS mRNA expres-
sion in AMs stimulated by PLA2 (50 ng/ml). iNOS mRNA expression was
inhibited by various concentrations of quinacrine (0, 5, 10, 20, 50, 100
,uM) examined by RT-PCR. ,3-actin was used as a positive control. The
expected product size for the iNOS prmer was 222 bp.

Expression of iNOS mRNA in AMs
Stimulated by PLA2
To ascertain whether the increased NO production was

derived from the NOS induced in AMs by stimulation with
PLA2, we examined iNOS mRNA expression in AMs by
RT-PCR. As shown in Figure 4, we detected iNOS expres-
sion in AMs stimulated with PLA2 as the amplified product
of a predicted length (222 bp). However, when AMs were
pretreated with the PLA2 inhibitor quinacrine, iNOS expres-
sion in PLA2-stimulated AMs was reduced dose-depen-
dently and was not detected with 100 ,M of quinacrine.
,3-actin, used as internal control, was detected in all sam-
ples. These results suggest that iNOS was induced in the
AMs with PLA2 stimulation and that this iNOS mRNA
expression was inhibited by quinacrine.

Cytotoxicity of AMs Against HUVECs
In this pancreatitis model, alveolar wall thickening

caused by edema was observed histologically.17 This edema
formation was caused by endothelial cell damage and
changes in microvascular permeability.28 To determine the
capacity of AMs stimulated with PLA2 to cause endothelial
damage, we examined the cytotoxic activity of AMs against
HUVECs using a 51Cr release assay (Fig. 5). When
HUVECs were coincubated with AMs, the addition of PLA2
enhanced the endothelial cell injury to fourfold of that
without PLA2 stimulation (p < 0.01). This cytotoxicity was
reduced by the addition ofNO inhibitor L-NMMA or PLA2
inhibitor quinacrine (p < 0.01). However, the same concen-
tration of PLA2 (without AMs coculture) had no cytotoxic
effect. These results suggest that AMs activated by PLA2
injure endothelial cells and that NO derived from AMs is
responsible for this cytotoxicity.

In Vivo Effect of the PLA2 Inhibitor
Quinacrine on Lung Injury
To examine the effect of a PLA2 inhibitor on acute lung

injury associated with acute pancreatitis, we injected the
PLA2 inhibitor quinacrine (5 mg/kg dissolved in 0.5 ml
saline) into the pancreatitis rats (Table 1). After injection of
quinacrine, the NO2- + NO3- concentration measured in
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Figure 5. Cytotoxic reaction of AMs to HUVECs examined by 51Cr
release assay. HUVECs were coincubated with AMs from sham-oper-
ated control rats, SPL-operated control rats, or normal control rat, with
or without addition of PLA2, L-NMMA, or quinacrine. Sham, sham-
operated control rat; normal & N, AMs of normal rat; pancreatitis & P,
AMs of SPL-operated pancreatitis rat; PLA2, addition of 50 ng/ml PLA2
to culture medium; NMMA, addition of 50 ,uM NOS inhibitor L-NMMA to
culture medium; Q, addition of 1 mM PLA2 inhibitor quinacrine. * p <
0.01 vs. sham control. ** p < 0.01 vs. pancreatitis and N + PLA2.

the BALF of pancreatitis rats 24 hours after SPL was
decreased significantly (p < 0.0001) compared with pan-
creatitis rats without administration of quinacrine. The lac-
tic dehydrogenase level in the BALF, a marker of lung
injury, also was decreased in parallel (p < 0.01). Further,
the administration of quinacrine drastically improved the
Pao2 (as an index of lung function) in rats with pancreatitis
to 99.0 ± 1.25 mmHg (p < 0.0001 vs. SPL without quin-
acrine, 72.7 ± 2.81 mmHg; sham control, 110.9 ± 3.38
mmHg), which was nearly as much improvement as that
found in the Evans blue dye ratio and wet/dry lung weight
ratio (p < 0.0001), which were indices of lung permeability
and lung edema, respectively. These results suggest that the
administration of quinacrine reduced NO production in al-
veolar spaces and resulted in less lung injury during the
early phase of acute pancreatitis.

DISCUSSION

This study shows that PLA2 induces iNOS expression
and NO generation of AMs, which partially contribute to
lung injury. We found that the PLA2 inhibitor quinacrine
inhibited iNOS expression in AMs and reduced lung injury
in acute pancreatitis.
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Table 1. IN VIVO EFFECTS OF QUINACRINE FOR LUNG INJURY IN PANCREATITIS RATS

Sham SPL SPL + Q

NO2- + NO3- in BALF (,uM) 44.5 ± 6.44 91.7 ± 8.26* 56.0 ± 5.37**
LDH in BALF (IU/I) 1.0 ± 0.82 2.8 ± 0.96# 1.3 ± 0.50##
PaO2 (mmHg) 110.9 ± 3.38 72.7 ± 2.81* 99.0 ± 1.25**
Evans blue permeability ratio (%) 13.9 ± 1.6 23.9 ± 4.6* 16.8 ± 1.0#
Wet/dry lung weight ratio 11.5 ± 0.82 19.9 ± 2.4* 13.2 ± 0.5**

Sham: rats with sham operation; SPL: rats with SPL operation; SPL + Q: rats with administration of quinacnne after SPL LDH: lactic dehydrogenase.
* p < 0.0001 vs. sham, **p < 0.0001 vs. SPL, #p < 0.01 vs. sham, ##p < 0.01 vs. SPL.

As mentioned above, we showed that AMs were activated
to generate significant quantities of NO and O2_- 7 Re-
cently, it has been reported that serum PLA2 activity cor-
related with serum sPLA2-II level and that lung and renal
injury in acute pancreatitis are associated with elevated
serum sPLA2-HI.

It is well known that circulating PLA2 activity causes
lung injury by damaging alveolar surfactant or by reacting
with cell membrane to release inflammatory mediators such
as eicosanoids and platelet-activating factor, which mediate
direct tissue injury or induce neutrophil-mediated tissue
injury. However, the results from our current model indicate
that AMs appear to play a major role in the development
and progression of lung injury because the accumulation of
neutrophils in the alveolar spaces was not shown so prom-
inently in our previous study.'7 Therefore, we hypothesized
that increasing serum PLA2, especially type II, induces
iNOS in AMs and mediates lung injury in pancreatitis rats.
In this model, serum PLA2 activity peaked from 6 to 12
hours after SPL, iNOS mRNA of AMs was induced con-
comitantly,'7 and AMs incubated with this activated-PLA2
serum generated a large amount of NO. Next, we showed
that AMs stimulated with type II PLA2 were activated to
generate large amounts of NO in a dose-dependent manner
and to express iNOS mRNA. This iNOS mRNA expression
in AMs was inhibited dose-dependently by the PLA2 inhib-
itor quinacrine. These results indicate that elevated serum
PLA2 activity contributes to inducing NO generation from
AMs in rats with acute pancreatitis.

This speculation is supported by several studies. Re-
cently, Kurose et a130 reported that an increased production
of NO in rat Kupffer cells was preceded by activated NF-
kappaf3, which moved into the nuclei, and quinacrine sig-
nificantly attenuated the increase in NF-kappa,3 activation
and NO production.30 Further, in a study of an animal model
of inflammation, when the rat air pouch was stimulated with
zymosan, levels of N02-/NO3-, secretory PLA2 in exudates,
and NOS activity in polymorphonuclear leukocytes and
monocytes increased. Also, treatment of the animals with
the PLA2 inhibitor dexamethasone inhibited cellular NOS
activity (i.e., NO2-/NO3- levels).3'

Next, we examined the cytotoxicity toward HUVECs by

activated AMs with sPLA2-II because change in microvas-
cular permeability caused by endothelial cell damage is the
major factor in lung edema.28 AMs stimulated with
sPLA2-II cocultured on a HUVEC monolayer caused
marked damage to the vascular endothelial cells. In contrast,
the administration of the NO inhibitor L-NMMA or the
PLA2 inhibitor quinacrine significantly inhibited endothelial
damage caused by AMs activated by sPLA2-II. However,
the same dose of sPLA2 alone did not have cytotoxicity
toward HUVECs. These results suggest that acute lung
injury in this model was mediated by the cytotoxic effects of
NO derived from sPLA2-stimulated AMs, probably by the
existence of 02- in the endothelial cells, but not by a direct
effect of PLA2 itself or its reactive inflammatory mediators.
Our suggestion is supported by some reports that NO and
02- simultaneously generated by AMs produce peroxyni-
trite or its toxic intermediates, which damage endothelial
cells and/or increase microvascular permeability, causing
acute lung injury.32'33

Further, we examined the effect of PLA2 inhibition for
preventing lung injury associated with pancreatitis and
found that administration of the PLA2 inhibitor quina-
crine 45 minutes after SPL lessens the level of acute lung
injury in the early stage of acute pancreatitis in a rat
model. After the administration of quinacrine, NO levels
in the lung space decreased concomitantly with the im-
provement of lactic dehydrogenase levels in BALF and
the reduction of lung edema, examined by lung weight
and permeability of Evans blue in the lung tissue. These
results indicate that PLA2 mediates lung injury associated
with NO elevation in the lung space. Also, AMs activated
by PLA2 may contribute partially to this lung injury by
NO elevation, because AMs stimulated with PLA2 caused
marked damage to the vascular endothelial cells, whereas
the same dose of PLA2 alone did not have cytotoxic
effects on the endothelial cells.

In addition, we have measured NO production from
Kupffer cells in this -model, but it was <60% of NO pro-
duction from AMs, and the increased NO level was ob-
served primarily in the alveolar space. Therefore, we think
this cytotoxic NO may be derived from AMs, not from
Kupffer cells.
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Some investigators have reported that PLA2 activities are
increased in patient serum in acute pancreatitis, sepsis,
peritonitis, and multiple injury, and that increased PLA2
type II values are found in conditions involving inflamma-
tion of these diseases,34 or that serum PLA2 activities cor-
relate well with the severity of acute pancreatitis.35 In
patients with acute edematous pancreatitis, serum PLA2
activity rose during the first 3 days from onset of pancre-
atitis and rapidly decreased on the fourth day, and the mean
PLA2 activity in these patients was three to five times
greater than that in the controls.34'35
The NO production process and the role of NO in

human acute pancreatitis are still unclear. In patients with
septic shock, which is often associated with severe pan-
creatitis, a significant rise in neutrophil was observed
concomitant with plasma NO increase.36 In animal mod-
els of acute pancreatitis, an NO donor reduced pancreatic
edema and necrosis and conferred protection against
trypsinogen activation, which correlated with death.37 In
contrast, NO contributed to lung injury in the early phase
of acute pancreatitis.'7 We think a PLA2 inhibitor has a
beneficial effect on both pancreatic and lung injury in
acute pancreatitis. Quinacrine, a PLA2 inhibitor, has been
used as treatment for malaria in humans. In addition,
quinacrine reportedly inhibited superoxide generation
from human neutrophils.38 These results suggest that
quinacrine can be effective for human macrophages.
Thus, we believe quinacrine can be used therapeutically
in human pancreatic disease.

In conclusion, AMs are activated by PLA2, mainly by
sPLA2 type IL, and produce a large amount of NO that
contributes to lung injury in acute pancreatitis. Because
the lung injury was reduced by the administration of the
PLA2 inhibitor quinacrine during the early stage of acute
pancreatitis, blocking of PLA2 activity may be beneficial
for preventing acute lung injury associated with pancre-
atitis.
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